A large-scale, 8-week, open-label, clinical experience trial evaluated the efficacy of the angiotensin II receptor (AT 1 subtype) blocker candesartan cilexetil (16 to 32 mg once daily) either alone or as add-on therapy in 6465 hypertensive patients. The study population was 52% female and 16% African American with a mean age of 58 years. It included 5446 patients who had essential hypertension (HBP) and 1014 patients who had isolated systolic hypertension (ISH). These patients had either untreated or uncontrolled hypertension (systolic blood pressure [SBP] 140 to 179 mm Hg or diastolic blood pressure [DBP] 90 to 109 mm Hg inclusive at baseline) despite a variety of antihypertensive medications including diuretics, calcium antagonists, angiotensin converting enzyme (ACE) inhibitors, and ␣-or ␤-blockers, either singly or in combination. The mean baseline blood pressure for the HBP group was 156/97 mm Hg. Candesartan cilexetil as monotherapy (in 51% of HBP patients) reduced mean SBP/DBP by 18.7/ 13
A large-scale, 8 -week, open-label, clinical experience trial evaluated the efficacy of the angiotensin II receptor (AT 1 subtype) blocker candesartan cilexetil (16 to 32 mg once daily) either alone or as add-on therapy in 6465 hypertensive patients. The study population was 52% female and 16% African American with a mean age of 58 years. It included 5446 patients who had essential hypertension (HBP) and 1014 patients who had isolated systolic hypertension (ISH). These patients had either untreated or uncontrolled hypertension (systolic blood pressure [SBP] 140 to 179 mm Hg or diastolic blood pressure [DBP] 90 to 109 mm Hg inclusive at baseline) despite a variety of antihypertensive medications including diuretics, calcium antagonists, angiotensin converting enzyme (ACE) inhibitors, and ␣-or ␤-blockers, either singly or in combination. The mean baseline blood pressure for the HBP group was 156/97 mm Hg. Candesartan cilexetil as monotherapy (in 51% of HBP patients) reduced mean SBP/DBP by 18.7/ 13.1 mm Hg. As add-on therapy (in 49% of HBP patients) to various background therapies, candesartan cilexetil consistently reduced mean SBP/DBP further, irrespective of the background therapy: diuretics (17. , and ␣-blockers (11.6/4.5 mm Hg). The further blood pressure lowering effects of candesartan cilexetil as add-on therapy were seen regardless of age, sex, and race. Overall, 6.8% of the 6465 patients withdrew because of adverse events, most commonly headache (6.3%) and dizziness (5.0%). Orthostatic hypotension was infrequent; 0.2% with candesartan cilexetil alone, and 0.8% with candesartan cilexetil as add-on therapy. Thus, candesartan cilexetil either alone or as add-on therapy was highly effective for the control of systolic or diastolic hypertension regardless of demographic background when used in typical clinical practice settings. 4 The recent Hypertension Optimal Treatment (HOT) Trial not only confirms that intensive BP control to diastolic blood pressure (DBP) Ͻ90 mm Hg improves outcomes but also that multiple agents are required to achieve this goal. 5 The renin-angiotensin system (RAS) plays an important role in the pathophysiology of hypertension. Angiotensin II receptor blockers (ARB) provide specific blockade of the RAS by blocking the action of angiotensin II directly at the AT1 receptor. 6 Candesartan is a highly selective, insurmountable AT1 subtype angiotensin II receptor antagonist devoid of agonist activity. 7 Controlled studies have demonstrated a sustained dose-related antihypertensive effect throughout the 24-h dosing interval with a high trough-to-peak ratio, 8, 9 and most effective BP reduction with doses of 16 to 32 mg once daily in a diverse population of US patients. 10, 11 A large-scale open-label clinical experience trial (AC-TION study) was performed to evaluate the effectiveness of candesartan cilexetil either alone or with other agents in patients with essential hypertension (HBP) or isolated systolic hypertension. The present report summarized the findings of its use as add-on therapy, whereas the BPlowering effects of candesartan cilexetil specifically in patients with HBP 12 or ISH 13 were reported separately.
Methods
This 8-week, multicenter, open-labeled, single-arm study evaluated the use of candesartan cilexetil in 6465 patients with essential hypertension or isolated systolic hypertension at 665 investigative sites. The subjects included men and women without childbearing potential Ն18 years of age, with either untreated or uncontrolled hypertension (sitting systolic BP [SBP] in the range of 140 to 179 mm Hg or a DBP of 90 to 109 mm Hg inclusive at baseline).
Patients were given candesartan cilexetil (16 mg once daily) either alone or as add-on therapy to concomitant antihypertensive medications (background therapy) at the discretion of the investigators. Background therapy with any one or more agents was permitted except for concomitant use of another ARB. Patients returned for study visits after 2, 4, and 8 weeks of treatment. If BP remained uncontrolled (DBP Ն90 mm Hg or SBP Ն140 mm Hg) at either week 2 or 4, candesartan cilexetil was to be increased to 32 mg once daily and treatment was continued for a total treatment period of 8 weeks. Decreases in study drug dose or changes in background therapy were not permitted.
In general, the numbers of patients tallied for different assessments in the groups do not always add to the total because of occasional missing data and differ because of the intent-to-treat approach.
For HBP, the primary efficacy end point was the change in trough (24 Ϯ 2 h dosing) sitting DBP from baseline visit to the end of week 8 of the open-labeled treatment of candesartan cilexetil. For ISH, the primary efficacy end point was the change in trough sitting SBP from baseline to the end of week 8. Safety was assessed by monitoring the incidence of treatment emergent adverse events that began or worsened during the treatment period, whether reported as related or unrelated to the use of candesartan cilexetil. Orthostatic hypotension was defined as either a patient's symptomatic report or as an asymptomatic postural drop in SBP Ͼ30 mm Hg on routine BP measurements or reported as an adverse effect.
A post-hoc analysis using the paired t test was performed on the mean changes from baseline on BP values to week 8 of treatment with candesartan cilexetil 16 to 32 mg once daily as add-on therapy to each major class of background therapy. A P value of Ͻ .05 is taken as statistically significant. Descriptive statistics for central tendency and variability were computed to characterize possible differences in assessments because of age, sex, race, or class of background antihypertensive agent.
Results
The ACTION study included a diverse population of US patients (n ϭ 6465) that was 52% female, 16% African American, and 34% Ն65 years old, with a mean age of 58 years ( Table 1 ). The efficacy results are presented separately for HBP and ISH. A total of 51% patients with HBP and 66% patients with ISH received candesartan cilexetil as add-on therapy. The background therapy included, in order of frequency, diuretics, calcium antagonists, ␤-blockers, angiotensin converting enzyme (ACE) inhibitors, and ␣-blockers either singly or in combination.
Of the 5446 patients with HBP, 5156 patients provided information with the use of candesartan cilexetil either alone or as add-on therapy; 2642 (51%) patients received candesartan cilexetil as add-on therapy and 2514 (49%) received candesartan cilexetil as monotherapy. The use of candesartan cilexetil led to an overall control rate (DBP Ͻ90 mm Hg) of 71%. Fig. 1 Changes in trough sitting SBP and DBP were similar for male and female patients with HBP receiving candesartan cilexetil with or without background therapy. Likewise, neither age (Ͻ65 and Ն65 years of age) nor race (African American and non-African American) interfered with the improved BP when adding the ARB to the background therapy. Effective additional BP reduction was consistently observed in each of the predefined groups: men and women, African Americans and non-African Americans, age Ͻ65 years and age Ն65 years. In general, African Americans had a clinically important but somewhat lesser further BP reduction than non-African Americans.
Of the 1014 patients with ISH, 964 patients provided information with the use of candesartan cilexetil either alone or as add-on therapy; 634 patients (66%) received candesartan cilexetil as add-on therapy and 330 patients (34%) received candesartan cilexetil as monotherapy. The mean baseline BP was 158/81 mm Hg. The use of candesartan cilexetil as add-on and monotherapy led to an overall control rate (SBP Ͻ140 mm Hg) of 49%. Figure 2 shows the BP-lowering efficacy of candesartan cilexetil as monotherapy and as add-on therapy to major classes of background therapy. Candesartan cilexetil, as monotherapy, lowered SBP/DBP by 17.0/4.4 mm Hg. As add-on therapy, candesartan cilexetil 16 to 32 mg once daily reduced SBP/DBP by 17.4/5.1 mm Hg in 278 patients with a diuretic, 15.6/3.6 mm Hg in 277 patients with a calcium antagonist, 14.0/4.8 mm Hg in 197 patients with a ␤-blocker, 13.4/4.3 mm Hg in 127 patients with an ACE inhibitor, and 11.6/4.5 mm Hg in 65 patients with an ␣-blocker. These changes were statistically significant.
As with the patients with HBP, patients with ISH demonstrated effective additional SBP reduction with candesartan cilexetil as add-on therapy in each of the predefined groups: men and women, African American and non-African American patients, age Ͻ65 years and age Ն65 years. African American patients had a clinically important but somewhat lesser SBP reduction than non-African American patients, and women had a somewhat greater reduction than men with some treatment combinations.
Overall, 6.8% of all patients withdrew from the trial due to adverse effects, most commonly headache (6.3%) and dizziness (5.0%). Orthostatic hypotension was infrequent, 0.2% with candesartan cilexetil as monotherapy and 0.8% with candesartan cilexetil as add-on therapy.
Discussion
This large-scale clinical experience trial confirms the efficacy of the ARB candesartan cilexetil as an antihypertensive agent for treating diastolic and systolic hypertension in a diverse US population in typical clinical practice settings. Importantly, the present study demonstrates that this ARB is highly effective in further BP reduction when used as add-on therapy with a wide variety of commonly prescribed antihypertensive drugs. In general, African Americans had a slightly lesser BP reduction than nonAfrican Americans, but the magnitude of the BP reduction was substantial and clinically meaningful.
The findings of the present study are strikingly similar to those of another large-scale experience trial (Atacand Under Real-Life Aspects [AURA]) with candesartan cilexetil either as monotherapy or add-on therapy, conducted contemporaneously in Germany.
14 In 4531 patients with HBP, candesartan cilexetil 8 to 32 mg once daily as monotherapy (n ϭ 1867) reduced DBP by 17.8 mm Hg, whereas a further mean DBP reduction of 14.9 mm Hg was reported when used as add-on therapy with ACE inhibitors (n ϭ 235), 16.3 mm Hg with ␤-blockers (n ϭ 477), 15.0 mm Hg with calcium antagonists (n ϭ 434), and 14.9 mm Hg with other combinations (n ϭ 1475).
There are sound theoretical bases for expecting a high level of effectiveness with an ARB as an add-on therapy. For instance, the additional BP-lowering efficacy of an ARB with an ACE inhibitor is explained by their different and perhaps, complementary effects in antagonizing the RAS. It is well-known that plasma levels of angiotensin II do not remain low persistently but instead return toward baseline values with chronic ACE inhibitor therapy. This may be related to alternate synthetic pathways for angiotensin II production that are not affected by ACE inhibitors. 15, 16 Thus, during the longer term, ACE inhibitors do not antagonize the RAS completely and the addition of an ARB could provide increased effect. Alternatively, some experimental studies suggest that an ARB may increase tissue bradykinin production by shifting angiotensin II binding to the AT2 receptor. 17 Thus, inhibition of bradykinin breakdown with an ACE inhibitor could augment the effect of the ARB on tissue bradykinin production. The statistically higher than that achieved by the use of either drug alone, are consistent with the expectation of additive effects. 18 Two separate studies by Azizi et al 19, 20 reported additive antihypertensive efficacy of another ARB, losartan with either enalapril or with captopril, particularly during modest dietary salt depletion. Other studies have demonstrated the incremental antiproteinuric effects of an ACE inhibitor and an ARB 21 and reduction in left ventricular remodeling in heart failure patients. 22 Our present findings also confirm the previous well-documented additive BP-lowering effects of an ARB and a diuretic as previously reported. 23 The study also reported the incremental BP reductions when candesartan cilexetil was added to calcium antagonists and ␣-blockers. Perhaps the selectivity of the effect of an ARB to target the binding site of angiotensin II explains why candesartan cilexetil works so effectively with all major antihypertensive drugs, despite the diverse mechanism of action of these drugs.
This hypertension trial also contains useful information of the use of an ARB in African Americans, as it included 939 African Americans with HBP and 106 African Americans with ISH. The demonstrated efficacy of candesartan cilexetil 16 to 32 mg once daily either alone or in combination with other drugs is an important observation as African American patients manifest hypertension earlier in life, have greater frequency of target organ disease, and manifest a somewhat different efficacy profile compared to whites. 24 Moreover, these higher risk patients derive more benefit from better BP reduction and blockade of the RAS because of the greater proclivity for hypertensive heart and kidney disease.
It is noteworthy that overall patients tolerated candesartan cilexetil well either as monotherapy or add-on therapy with a low withdrawal rate and very low incidence of orthostatic hypotension. Importantly, in patients with ISH, the reductions in DBP were relatively modest compared to the more marked reductions in SBP. A recent randomized double-blind, placebo-controlled study also reported that another ARB, valsartan, was effective and well tolerated in the treatment of elderly patients with systolic hypertension, with or without diastolic hypertension. 25 The study has the limitations of not being a placebocontrolled study. Accordingly, the observed SBP and DBP reductions are not placebo-corrected values. Nevertheless, the numbers reflect the magnitude of effect that was seen when candesartan cilexetil is used alone or as add-on therapy in clinical practice. In addition, because a variety of different diuretics, ACE inhibitors, calcium channel blockers, and so on, were used, it is impossible to determine the mean dose of agents used to evaluate the incremental antihypertensive effects with candesartan cilexetil. What remains to be tested in controlled clinical trials is whether the same level of incremental BP reduction will be seen when an ARB is added to maximized background therapy.
In conclusion, our results demonstrate that the ARB candesartan cilexetil 16 mg to 32 mg once daily is highly effective as monotherapy or as add-on therapy in patients with HBP or ISH. Substantial further BP reductions with excellent tolerability can be achieved with the addition of candesartan cilexetil to a variety of regimens across a diverse population of US patients.
